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PROGRAMMABLE AUDIO SYSTEM FOR AUTOMOTIVE VEHICLES 

BACKGROUND OF THE INVENTION 

Technical Field 

[0001] The present invention relates generally to the field of audio systems for 

automotive vehicles, and, more specifically, to a programmable audio system wherein 
various signal processing settings in the radio receiver of the audio system can be 
customized to the particular vehicle in which the audio system is installed. 

Background of the Invention 

[0002] Virtually all modern automotive vehicles include an audio system that 

incorporates a radio receiver. A primary function of a radio receiver is to receive 
(through an antenna) radio signals transmitted over the airwaves, and then process and 
transform those radio signals into audio signals that can be provided to speakers, 
which in turn convert the audio signals into audible sounds. The nature of the audio 
signals provided by the receiver to the speakers determines, in large part, the audible 
sound output from the speakers. It is desirable for the radio receiver to optimize the 
audio signal so that the speakers produce the best possible audible sound. 

[0003] Various well-known signal-processing techniques are applied to process and 

optimize the radio signal received by the receiver. For example, receivers typically 
employ a "blend" process to the input signal. "Blending" involves evaluating the 
strength of the radio signal received by the receiver and converting the audio signal 
supplied to the speakers from a stereo signal to a mono signal when the strength of the 
radio signal is relatively weak, which may occur when driving under a bridge, for 
example. After a given time constant, the receiver causes the audio signal to return to 
stereo. Receivers also typically employ a "roll-off process to the radio signal, which 
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involves phasing out higher frequencies in the radio signal so as to reduce the amount 
of undesirable noise produced by the speakers. Receivers also typically include a 
"noise blanker" process, which reduces the amount of noise/interference in the radio 
signal resulting from various vehicle noises, such as engine noise and stray reflections 
and signals. Several other signal-processing techniques are commonly employed by 
radio receivers to optimize the audio signal output to the speakers. 
[0004] To achieve optimal audible sound from the vehicle audio system, it is 

desirable that the various signal-processing techniques of the receiver be adjusted to 
match the characteristics of the vehicle in which the radio receiver is installed. This is 
because many different vehicle-specific factors can affect the nature and quality of the 
radio signal received by the radio receiver and ultimately the quality of the audible 
sound produced by the speakers. Depending on these vehicle-specific characteristics, 
different degrees of "blending", "roll-off, "noise blanking", and other signal- 
processing techniques may be desirable. For example, the shape of the vehicle body 
and the particular engine used in the vehicle may affect the quality of the radio signal 
received by the receiver. Similarly, the shape of the interior passenger compartment 
and the number and placement of speakers therein affect the quality of the audible 
sound heard by a passenger. Furthermore, person-specific listening preferences affect 
the perceived quality of the audible sound produced by the speakers. For instance, 
younger people tend to prefer to listen to higher frequency signals, whereas older 
people tend to prefer that the higher frequency signals be filtered out. As a result of 
these vehicle-specific characteristics and person-specific preferences, different 
degrees of "noise-blanking, "blending", "roll-off, and other signal-processing 
techniques may be desirable. 
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[0005] It is common to install the same radio receiver model in many different types 

of vehicles, each having different vehicle-specific characteristics that affect the 
quality of the audible sound produced by the audio system. Therefore, in an attempt 
to optimize the audible sound produced by the speakers, it is known to modify the 
various signal-processing algorithms in radio receivers during manufacture of the 
radio receiver to complement the particular vehicle in which the receiver is to be 
installed. Under this method, because the signal-processing techniques of radio 
receivers are optimized for each type of vehicle, each vehicle model may have a 
slightly different radio receiver associated with it, even though the same basic kind of 
radio receiver is installed in several vehicle models. The process of manufacturing 
several different versions of the same basic radio receiver results in an undesirable 
inventory of multiple part numbers. Therefore, this is a logistically-difficult and 
expensive solution to optimizing audio systems. 

[0006] As a result, it is common to manufacture radio receivers used in different 

vehicle models such that their signal-processing algorithms are adjusted to 
complement the "average" characteristics of the various vehicles into which the 
receiver is to be installed. Thus, the radio receivers, while performing adequately for 
the various vehicle models, are not optimized for any particular vehicle model. 

[0007] The inventors have recognized that the practice of optimizing radio receivers 

for the "average" vehicle characteristics across many different vehicle models, each 
having different vehicle-specific audio characteristics, does not produce optimal audio 
response for any of the vehicles. Instead, it is desirable to be able to optimize the 
signal-processing algorithms of radio receivers to complement the specific vehicle 
characteristics of the particular vehicle in which it is installed. Furthermore, the 
inventors have recognized that the known methods of optimizing the signal- 
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processing algorithms do not provide for the ability to adjust the signal-processing 
algorithms after the radio receiver is installed in a vehicle to account for listener- 
specific listening preferences. Therefore, the inventors have recognized the need for a 
new system and method for optimizing the quality of radio signals for different 
vehicles that address the shortcomings of the prior art. 

Summary of the Invention 

[0008] The present invention relates to a programmable vehicle audio system, 

wherein various signal-processing algorithms of the radio receiver can be adjusted 
and customized to complement a particular vehicle after the radio receiver is 
manufactured. Specifically, the various signal-processing algorithms of the present 
programmable radio receiver can be adjusted during the assembly process of the 
vehicle, by a vehicle dealer/service center after the vehicle has been completely 
assembled, or even by the vehicle owner after the vehicle has been sold. 

[0009] The present invention comprises a radio having a radio controller — typically a 

microprocessor - contained therein. The radio controller is capable of accessing a 
data table stored in the radio. The data table is capable of storing unique sets of 
alignment parameters, wherein each set of alignment parameters correspond to a 
different vehicle model. The alignment parameters are used by the radio controller to 
adjust the various signal processing techniques used by the radio to process the radio 
signals. Vehicle identification information is provided to the radio controller, and, 
based upon the vehicle identification information, the controller accesses the 
appropriate alignment parameters from the data table and uses those alignment 
parameters to affect the output of the radio. The vehicle identification information 
can be supplied to the radio controller from a variety of different sources, including an 
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external vehicle diagnostic device, an internal vehicle body controller, or a radio face 
plate. 

Brief Description of the Drawings 
[00010] The present invention will now be described, by way of example, with 

reference to the accompanying drawing, in which: 
[00011] FIGURE 1 is a functional illustration of an embodiment of the present 

invention. 

i-* Detailed Description of a Preferred Embodiment 

O [00012] Figure 1 sets forth an embodiment of the present invention. An automotive 
vehicle 10 includes a radio 1 1 . The radio 1 1 includes a radio receiver controller 16 
g that communicates with a radio faceplate 18 and a vehicle central data bus 12. The 

^ radio controller 16, which is typically a microprocessor, generally controls the 

p. operation of the radio 11. The radio faceplate 1 8 provides a human-readable interface 

Q to the vehicle operator and also allows the vehicle operator to provide information to 

the radio, such as the selected radio station. The central data bus 12, which provides a 
common path for data transfer throughout the vehicle 10, is in communication with an 
internal vehicle body controller 20. The internal vehicle body controller 20, which is 
typically a microprocessor, controls general operation of the vehicle 10. The central 
data bus 12 can be connected to an external vehicle diagnostic device 14 through a 
connector to allow two-way data transfer between the vehicle 10 and the external 
vehicle diagnostic device 14. A human operator can receive information from and 
transfer information to the vehicle 10 through the external vehicle diagnostic device 
14. 
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[00013] According to one preferred embodiment of the invention, the radio controller 
16 is in communication with a radio data table 22, which is stored in a memory 
device, such as an EPROM. The data table 22 contains radio-optimization 
information, i.e., alignment settings, specific to each type of vehicle into which the 
particular radio is to be installed. In the example set forth in Figure 1, the sample data 
table 22 contains alignment settings relating to vehicle types "A", "B", "C" and "D", 
though the data table 22 can contain information corresponding to as many vehicles as 
desirable. 

[00014] The data table 22 can contain default alignment settings for a variety of signal- 

processing techniques used in radio receivers. The alignment settings are specific to 
and optimized for the corresponding vehicle model. In the example set forth in Figure 
1, the data table 22 contains alignment settings for each vehicle model (i.e., vehicles 
"A", "B", "C", and "D") for the following common signal-processing techniques: (i) 
blend; (ii) roll-off; (iii) radio frequency automatic gain control (RF/AGC); and (iv) 
noise blanker. The sample data table 22 also contains default alignment settings for 
parameters "stereo/mono" and "time constant." As described above, the well-known 
"blend" process involves evaluating the radio signal strength received by the radio 
and changing the signal from stereo to mono when the signal is relatively weak. The 
"time constant" parameter refers to a time constant during which the signal is 
maintained in a mono format before it is returned to stereo. The "roll-off process 
involves filtering out higher frequencies from the radio signal so as to reduce the 
amount of noise in the signal. The amount of desired "roll-off ' is dependent upon the 
configuration of the vehicle, the type and number of speakers used in connection with 
the radio, and personal preference. The "RF/AGC" alignment parameter refers to the 
desired amount of gain or amplification to apply to the signal received by the radio. 
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The amount of desired gain is dependent upon the type, configuration and pattern of 
the antenna used on the vehicle. For example, in-glass antennas have different 
desired gain requirements than external antennas. Finally, the "noise blanker" process 
involves a known signal-processing technique for filtering out noise introduced to the 
radio signal as a result of signal interference caused by the vehicle engine and other 
electrical components and devices, both internal and external to the vehicle. The 
selected signal-processing techniques and parameters (i.e., "blend", "roll-off 
"RF/AGC", "stereo/mono", "time constant", and "noise blanker") illustrated in Figure 
1 are set forth merely as examples, and a wide variety of vehicle-specific signal- 
processing techniques and parameters can be included in the data table 22. 

[00015] The specific default alignment settings contained in the data table 22 (i.e., 

"22", "54", "AO", and "FF" for "roll-off) are determined according to known 
methods, including laboratory and field testing the vehicles and audio systems. The 
determined alignment settings are pre-programmed into the data table 22 at the time 
of manufacturing the radio. The sample default alignment settings illustrated in 
Figure 1 are set forth as mere examples of possible settings, and any desired settings 
can be included in the data table 22. 

[00016] In addition to alignment settings corresponding to the various vehicles in 

which the radio is installed, the data table 22 can also include radio optimization 
information that optimizes the audio response for various equalization modes and 
personal preferences. In Figure 1, data table 22 includes a "TALK" row having a "1" 
recorded in the "stereo/mono" column. The "TALK" row relates to an equalization 
mode on the radio face place 18 that a vehicle operator may select when listening to a 
radio station that primarily includes talking, as opposed to music. The "1" in the 
"stereo/mono" column is a binary indicator that is interpreted by the radio controller 
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16 to cause the audible sound to be produced in mono (instead of stereo) when the 
vehicle operator selects "TALK" from the radio face place 18. Essentially, in this 
example, the default "stereo/mono" alignment setting is overridden when the 
equalizer is set to "TALK" mode. Other common equalizer modes can also be 
incorporated into the data table 22, such as "JAZZ", "ROCK", "COUNTRY", etc., 
and the various default alignment settings can be overridden when such equalizer 
modes are selected. For example, it may be desirable to adjust one or more of the 
default alignment settings for "blend", "roll-off, "RF/AGC", etc. associated with the 
various vehicles when one of the various equalizer modes is selected by the vehicle 
operator. 

[00017] The sample data table 22 illustrated in Figure 1 also includes a row for 

"PREFERENCE", which includes the setting "00-FF" in the "roll-off column and 
"0" in the "stereo/mono" column. The "PREFERENCE" row in the data table 22 can 
be included to allow modifications to the default alignment settings based upon the 
personal preferences of the vehicle operator. For example, if the primary vehicle 
operator prefers to listen to music that includes higher frequencies (irrespective of the 
fact that the overall signal may be relatively noisier), the preferred amount of roll-off 
can be adjusted downward. Similarly, if the primary vehicle operator prefers to filter 
out the higher frequencies to reduce the amount of noise in the signal, the preferred 
amount of roll-off can be adjusted upward. The values in the "PREFERENCE" row 
of the data table 22 override the default settings for a particular vehicle. 

[00018] With the present invention, the same radio 1 1 can be installed in several 

different vehicle models, and, at the same time, the audible signal can be optimized 
for each specific vehicle and even the specific vehicle operator. In practice, a radio 
11 is manufactured having a default data table 22 incorporated therein. The default 
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data table 22 will normally include corresponding default alignment settings for a 
variety of signal-processing techniques and a variety of vehicles. As indicated, the 
specific alignment settings are determined according to known methods, including 
laboratory and field testing. After the radio is installed in a particular vehicle 10, a 
vehicle identification information is provided to the radio 1 1 so that the appropriate 
alignment settings can be read from the data table 22. The vehicle identification can 
be accomplished in several different ways. One method of vehicle identification is for 
the internal vehicle body controller 20, which itself typically stores a unique 
identification of the vehicle, to provide the vehicle identification over the data bus 12 
to the radio receiver controller 16. An alternative method includes connecting an 
external vehicle diagnostic device 14 to the data bus 12 during the assembly of the 
vehicle and providing vehicle identification information from the external vehicle 
diagnostic device 14 over the data bus 12 to the radio controller 16. Finally, vehicle 
identification information could be provided through the radio face place 18 through 
an automated menu system, which could, for example, be enabled by pressing two 
selected buttons on the face plate simultaneously. Regardless of the method, it is 
preferable that the vehicle identification be made during assembly of the vehicle. 
[00019] Once the vehicle identification information is provided to the radio controller 

16, the radio controller can access the proper row of the data table 22 associated with 
the particular vehicle, and thereby employ the default alignment settings for that 
vehicle. For example, in Figure 1, if the radio controller 16 receives a vehicle 
identification of "C", then the radio controller will employ an "F" setting for "blend", 
an "AO" setting for "roll-off, an "8" setting for "RF/AGC", a "0" setting for 
"stereo/mono", a "05" setting for "time constant", and a "1" setting for "noise 
blanker." 
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[00020] After the vehicle is assembled and sold, the alignment settings associated with 
the graphic equalizer modes (e.g., "TALK") and the "PREFERENCE" row of the data 
table 22 may be modified, if desired. Specifically, it is possible for a vehicle 
dealer/service center to adjust the degree of "roll-off or "blend", for example, for a 
particular vehicle operator by adjusting the values in the "PREFERENCE" row of the 
data table 22. The "PREFERENCE" row values can be adjusted through an external 
vehicle diagnostic device 14 over the central data bus 12, or they can be adjusted 
through the radio face place 18, as described above. 

[00021] A preferred embodiment of the present invention has been described 

hereinabove. However, a person skilled in the art will recognize that the present 
invention can be used in a variety of different forms. Therefore, the following claims 
should be studied to determine the true scope and content of the invention. 
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